Abstract: Serotonin syndrome is a documented side effect of the use of serotonergic agents. We herein reported an autopsy case of serotonin syndrome (SS), revealed by autopsy findings and a toxicological analysis. A female in her late twenties was discovered lying dead in her kitchen in early June. The room was unkempt, with household belongings scattered about. Illegal herbs and a large number of drug tablets and capsules were discovered in her room. Her thoracoabdominal region had putrefactive discoloration, accompanied by vesicles and abrasions. Many wounds, discolorations, bruises, and muscle hemorrhages were observed on her body. No clear lesions were detected on any of the internal organs. A toxicological screening analysis identified several selective serotonin reuptake inhibitors (SSRIs) in her blood and urine, specifically fluoxetine (SSRI), citalopram (SSRI), diphenhydramine (antihistamine: AH), venlafaxine (serotonin noradrenaline reuptake inhibitor: SNRI), and chlorpheniramine (AH). A quantitative analysis was performed using liquid chromatography coupled with tandem mass spectrometry. Most of the drugs detected were at lethal concentrations. Serotonergic agent intoxication induces SS, a condition accompanied by symptoms such as confusion and agitation. Since many blunt force injuries were observed on her body, she may have fallen into an excited and confused state just before her death, and, in a wild rage, scattered her belongings about and injured herself, thereby causing the many wounds on her body. The cause of death was multiple drug intoxication with SS.
INTRODUCTION
The abuse of psychotropic drugs has spread widely [1, 2] . Psychotropic drugs may be present in health supplements, the ingestion of which sometimes induces fatal intoxication. Selective serotonin reuptake inhibitors (SSRIs) exert antidepressant effects by inhibiting serotonin reuptake at synapses; thus, SSRIs reduce anxiety [3] [4] [5] . Moreover, SSRIs may cause serotonin syndrome and fatal intoxication. Serotonin syndrome (SS) is a documented side effect of the use of serotonergic agents and is accompanied by symptoms such as confusion and agitation.
We herein reported an autopsy case of multiple serotonergic agent intoxication, and also discussed SS based on autopsy findings and a toxicological analysis.
CASE REPORT
A female in her late twenties was discovered lying dead in her kitchen in early June (Fig. 1) . The room was unkempt, with household belongings scattered about (Fig. 2) . Five bags of illegal herbs, two inhalers, and a large number of drug tablets and capsules were discovered in her room (Table 1) .
Many blunt wounds were observed in various places on her body. Although she had a history of periodic mental illness, it was unclear whether she had consulted a physician about her mental state. She reportedly had previously taken sleeping pills and tranquillizers with alcohol. On the presumed day of her death, she had spoken to her friend on the telephone about taking illegal herbs. According to the friend, the telephone call was strange and the friend was unable to understand her intentions.
Autopsy findings
Dark green-blue discoloration was observed on her thoracoabdominal region, and was accompanied by vesicles and abrasions that were indicative of various stages of decomposition. Many wounds, discolorations, bruises (Fig. 3) , and muscle hemorrhages were found in various places on her head, face, neck, thorax, abdomen, dorsum, and upper and lower limbs. No clear lesions were detected on any of the internal organs.
Pathological findings
Slight sclerosis of the coronary artery and the proliferation of fibroid fibers among the cardiac muscles were observed in the heart. Severe congestion was detected in the lungs. There were no obvious pathological changes in other organs.
Immunohistochemical staining for myoglobin in kidneys
Immunostaining was performed with antibodies against myoglobin (Mb, Dako, Japan). It was conducted using the ENVISION kit/HRP (DAB) (Dako, Japan) according to the manufacturer's instructions. Immunostaining was visualized by an incubation for 3-5 min with DAB solution. However, there was no obvious immunoreactivity to Mb, such as Mb casts and reuptake in urinary tubules.
Biochemical analysis
The concentrations of Mb in blood and urine and that of CPK and its isozymes in blood were analyzed in a clinical laboratory office. Mb concentrations were 706.400 ng/mL in blood and 1.100 ng/mL in urine. CPK was elevated to 88,800 U/L in blood. The isozyme analysis revealed that CPK-BB, MB, and MM were 2, 10, and 84%, respectively.
Toxicological analysis
Ethanol concentration An ethanol analysis was performed using headspace gas chromatography -flame ionization detection (HS-GC-FID) with gas chromatography (Shimadzu QP-2010Plus GC, Kyoto, Japan). Separation was achieved on an Rtx-1 analytical column (60 m x 0.53 mm i.d., film thickness of 7.0 μm) (Restek, Bellefonte, PA, USA) [6] .
The concentrations of ethanol in the blood and urine were 0.04 and 0.11 mg/mL, respectively.
Toxicological screening analysis
The screening of blood and urine was performed using gas chromatography-mass spectrometry (GC-MS) (Shimadzu QP-2010 Ultra gas chromatograph -mass spectrometer, Kyoto, Japan). Separation was achieved by fast GC-MS using tandem columns connected by SilTite® μ-Union (SGE Analytical Science Pty Ltd., Ringwood, Victoria, Australia). The tandem columns were an Rtx-200MS (2 m x 0.18 mm i.d., film thickness of 0.4 μm) (Restek, Bellefonte, PA, USA) followed by BPX-5 (3.9 m x 0.15 mm i.d., film thickness of 0.25 μm) (SGE Analytical Science Pty Ltd., Ringwood, Victoria, Australia). The injection was performed in the splitless mode with a purge period of 0.4 min. The initial oven temperature was 80˚C, held for 0.5 min, followed by a 70˚C/min ramp to 200˚C, and a 50˚C/min ramp to 320˚C that was held for 2 min. The helium carrier gas flow rate was 5.1 mL/ min (390 kPa at 80˚C) and the injection was performed at a high pressure of 570 kPa (13.9 mL/min, 0.4 min). The injector was set to 300˚C, the interface to 320˚C, and the ion source to 230˚C [7] .
A toxicological screening analysis identified fluoxetine (SSRI), citalopram (SSRI), diphenhydramine (antihistamine), venlafaxine (serotonin noradrenaline reuptake inhibitor: SNRI), and chlorpheniramine (antihistamine) in her blood and urine. On the other hand, drugs shown in Table 1 , except these 5 drugs, were not detected.
Quantitative analysis of identified drugs
A quantitative analysis of all compounds was performed on LC-MS/MS. Mobile phases consisted of 0.1% formic acid in water for solution "A" and 0.1% formic acid in acetonitrile for solution "B". The flow rate was set to 0.2 mL/min with a total run time of 10 min. Peak area ratios were obtained through selective reaction monitoring (SRM) of the analytes, and quantitating was performed by plotting these ratios against an internal standard (Diazepam-d5) as a function of the analyte concentration of spiked standards. Table 2 shows the precursor (parent) and product (daughter) ions for the quantitated compounds as well as the concentrations of these compounds in blood.
The concentrations of 5 drugs detected in her blood and urine are summarized in Table 2 .
DISCUSSION
The abuse of SSRIs has concomitantly increased with that of psychotropic drugs. The abused serotonergic agents may cause not only intoxication, but also SS [8, 9] . Therefore, a diagnosis of SS is important with the abuse of SSRIs. The discrimination of NMS, a similar condition to SS, is important. Furthermore, the discrimination of NMS, a similar pathological condition to SS, is required. In this case report, many blunt wounds were observed on her whole body, and household belongings were scattered about her room. The condition of the discovery site indicated that the death was related to drug intoxication. Autopsy findings confirmed that the trauma inflicted on the whole body was not the cause of death.
RT; retention time, AH; antihistamine, SNRI; serotonin-norepinephrine reuptake inhibitor, SSRI; selective serotonin reuptake inhibitor. 
Toxicological investigation
A toxicological screening analysis identified two kinds of SSRIs, one SNRI, and two AH in her blood and urine. However, synthetic cannabinoids, synthetic cathinones, and phenethylamine derivatives were not detected by the screening analysis with LC-MS/ MS. When comparing each blood concentration with those reported previously, all 5 drugs were higher than therapeutic or normal levels [10] . Among the drugs detected, chlorpheniramine, venlafaxine, citalopram, and fluoxetine had reached fatal levels (Table 2) [11] [12] [13] [14] [15] . Therefore, the cause of death was multiple drug intoxication, specifically from an overdose of several serotonergic agents.
Differential diagnosis for SS, NMS, and rhabdomyolysis
A documented side effect of intoxication by serotonergic agents is SS, a condition accompanied by symptoms such as confusion and agitation. Sternbach's criteria for SS are shown in Table 3 [8, 16] . NMS is one of the severe complications associated with psychotropic drugs. We previously reported a postmortem diagnosis of NMS [17] and genetic approach to diagnose NMS [18] [19] [20] . The criteria of NMS are shown in Table 4 . The physical conditions of SS and NMS are similar.
The many blunt wounds in various places on her body indicated that she fell into an excited and confused state before her death, and, in a wild rage, scattered her belongings about and injured herself, thereby inflicting the many wounds on her body. The autopsy findings of the cadaver and the condition of the discovery site corresponded to several items, such as diaphoresis, in the criteria for SS and NMS.
In this case, significantly high Mb and CPK concentrations were observed in blood, indicating myoglobinuria induced not only by multiple trauma, but also by rhabdomyolysis. On the other hand, Mb casts were not observed in renal tubules in the kidney by conventional and immunohistochemical staining. Therefore, myoglobinuria did not induce fatal renal failure.
Fatal renal failure by myoglobinuria is important in the criteria used to diagnose NMS. Based on these criteria and autopsy findings, the cadaver was diagnosed with SS rather than NMS. Furthermore, SS is a documented side effect of the use of serotonin agents. Since high concentrations of SSRIs and an SNRI had been detected in the blood of the present case, the cause of death was considered to be multiple drug intoxication with SS (Table 5 ) [21] .
Source of offending drugs
Some of the SSRIs, SNRI, and AH detected in this case, namely, venlafaxine, citalopram, and fluoxetine, were not approved for use in Japan at that time; therefore, she may have obtained them illegally from overseas. The so-called "Hospital diet" is an illegal diet supplement from Thailand that includes psychotropic drugs. Public awareness is being promoted on the website of the Ministry of Health, Labour and Welfare [22] . Potential buyers use an internet homepage, provide their height and weight, and buy the diet supplement prescribed by the overseas hospital. Psychotropic agents may be included in these diet supplements. The drugs discovered in her room corresponded to the "Hospital diet". She had bought these drugs as a diet supplement for weight loss. These supplements must not be purchased due to the serious associated health hazards such as SS in the present case.
CONCLUSION
Serotonergic agent intoxication induces SS, a condition accompanied by symptoms such as confusion and agitation. We herein reported an autopsy case of SS that was attributed to the abuse of two or more serotonergic agents. In addition to the results of the toxicological analysis, the diagnosis of SS was proposed from autopsy findings and the condition of the discovery site, based on the clinical diagnostic criteria of this syndrome. SS in the 
